Structural irregularity is a crucial issue in assessing seismic vulnerability of both new and existing buildings. European technical codes provide simple criteria to define irregularities in plan and in elevation, amplifying the seismic actions and/or introducing torsional effects. Nevertheless, this approach only considers geometrical irregularity. For existing buildings, another source of irregularity comes from the non-uniform distribution of the material strength. In particular, for existing reinforced concrete (r.c.) structures, it is possible to detect significant spread of the concrete compressive strength not only from different structural elements but also from different parts of the same member. In this work, non-linear static analysis is performed on two case-studies of r.c. buildings characterized by geometrical and mechanical irregularity. The resistance of each column is determined with an extensive experimental campaign with in situ and laboratory test (about 600 in situ tests). The results are analyzed considering both local and global effects in terms of resistance of the single elements and of the entire buildings. In this sense, shear and bending failure mechanism are taken into account. The effect of storey flexibility is also considered in the models. Fragility curves are calculated for the buildings with random distribution of the compressive strength of the columns. The results are then compared with the approaches proposed by the Eurocodes evaluating in the standard approach proposed by technical codes is conservative or not.
Structural irregularity is a crucial issue in assessing seismic vulnerability of both new and existing buildings. European technical codes provide simple criteria to define irregularities in plan and in elevation, amplifying the seismic actions and/or introducing torsional effects. Nevertheless, this approach only considers geometrical irregularity. For existing buildings, another source of irregularity comes from the non-uniform distribution of the material strength. In particular, for existing reinforced concrete (r.c.) structures, it is possible to detect significant spread of the concrete compressive strength not only from different structural elements but also from different parts of the same member. In this work, non-linear static analysis is performed on two case-studies of r.c. buildings characterized by geometrical and mechanical irregularity. The resistance of each column is determined with an extensive experimental campaign with in situ and laboratory test (about 600 in situ tests). The results are analyzed considering both local and global effects in terms of resistance of the single elements and of the entire buildings. In this sense, shear and bending failure mechanism are taken into account. The effect of storey flexibility is also considered in the models. Fragility curves are calculated for the buildings with random distribution of the compressive strength of the columns. The results are then compared with the approaches proposed by the Eurocodes evaluating in the standard approach proposed by technical codes is conservative or not.
Introduction
From the '50s, reinforced concrete (r.c.) buildings became more numerous than masonry structures. Nevertheless, most of r.c. buildings in Italy were built without following specific seismic codes, with consequent high vulnerability under earthquake type actions (Bonannini et al. 2017) . The seismic response of r.c. building is strictly related to the mechanical behaviour of concrete, depending on its resistance and stiffness. The standard approach of the technical codes (American Society of Civil Engineers (ASCE), 2000; CMIT, 2009; EC8-3, 2005; Manfredi & Masi, 2011) indicates to carry out analysis with the mean values of resistance derived from in situ tests. The dispersion of the strength of material is taken into account only considering a reduction of the design resistance as for example in (FEMA, 2006) . In addition, technical codes do not take into account the material variability as source of irregularity. The structural irregularity is only addressed to geometric issues (i.e. geometry and disposition of structural elements, presence of infill walls, etc.).
14 The seismic capacity of reinforced concrete buildings is usually investigated by means of non-linear static analysis (Bosco et al. 2015a,b c; Fajfar, 2000; Fajfar et al. 2005; Maru & Fajfar, 2005) . In literature, several contributions deal with the material variability (Varadharajan et al. 2012) referring to historical constructions made both on masonry and on r.c. buildings. In particular, De Stefano and co-workers analysed the material irregularity considering it both from analytical and numerical point of views ( De Stefano et al., 2014; De Stefano & Pintucchi, 2002 Humar & Kumar, 1999; Lavan & de Stefano, 2013) . The analytical approach considers the main variables that affect the problem. The evaluation of the structural response allows to refer to torsionally stiff and torsionally flexible slabs. Torsional effects are also introduced throughout geometrical eccentricity with the aim of taking into account mechanical variability with a simplified method (Bosco et al. 2015 a,b; Mittal & Jain, 1995; Sadek & Tso, 1989 ). Biondini and co-workers proposed some models that consider aging and decay of the structural materials. In particular are considered the corrosion of the steel bars and the decreasing of the concrete strength due to atmospheric agents (Biondini et al. 2006; Keskikuru et al. 2001; Titi et al. 2016) . The effects of differential decay of concrete and steel on the structural capacity of structural elements are described in .
In this paper, the material variability is considered with the aim to evaluate its effects both on local and on global level and to establish whether the traditional approach provided by technical codes is in favour of safety or not. With this purpose, 50 different material distributions are considered for two reinforce concrete buildings, taking into account uniform and varied material distributions. This is done both on local (single structural elements) and on global scale and considering the flexibility of the slabs. The comparison is also made with a deterministic and a probabilistic approach. At a deterministic level is made a comparison for the capacity of single columns in the case of real material distribution with reference to the uniform one. The current tendency of national codes is oriented towards a probabilistic approach to estimate the seismic capacity of existing buildings (Carley et al., 2004; Consiglio Nazionale delle Ricerche, 2013; Sudret et al., 2014) . This requires a great effort in terms of number of analysis. In this case the effects of material variability are considered towards some random material distributions artificially generated from mean value and standard deviation of the real material distribution. All the structural, geometrical and mechanical details of these buildings, part of complex built in the 60s-70s can be found in .
In Section 2, the effects of concrete variation are examined both in terms of resistance and in terms of stiffness. In Section 3 the two cases of study are presented considering the effective material distribution. The great dispersion in compressive strength of the concrete is shown. In Section 4 the different analyses carried out are considered particularly referred to described material distributions and the results are discussed considering both deterministic and probabilistic approaches, at local and global scale in Section 5.
Structural irregularities and strength eccentricities

Structural irregularity
The results deriving from the analysis of new and existing buildings can be influenced by different irregularities. The current approach in earthquake engineering only considers geometric irregularities (EN 1998 (EN -1, 2004 . In particular, the irregularities can be defined considering in plan and in elevation issues (EC8-1, 2004; Garcia et al., 2004; Varadharajan et al., 2012) . Considering the planimetric distribution is possible to highlight: (1) Symmetry in in-plan configuration -plan configuration shall be compact and, regarding mass and stiffness distribution, approximately symmetric with respect to two orthogonal axes; (2) Shape ratio -the ratio between plan dimensions of a rectangle in which the building plan is inscribed shall be not greater than 4; (3) Presence of set-back or protrusion -No inplan set-back or protrusion shall exceed 25 % of the building total dimension in the same direction; (4) Stiffness of slabs -floor slabs can be considered infinitely stiff in their own plan with respect to lateral stiffness of vertical resisting elements and sufficiently strong.
Beyond in plan irregularities it is possible to found vertical irregularities, so categorized: (5) All lateral load resisting systems (such as cores, frames, walls) shall run without interruption from their foundations to the top of the building; (6) Both the lateral stiffness and the mass of individual storeys shall remain constant or vary gradually, without abrupt changes, from the base to the top of the building; (7) For buildings designed with so-called "low ductility", the ratio of storey resistance to the resistance required by the analysis should not vary disproportionately between adjacent floors; (8) When setbacks are present, reductions in the horizontal building section shall occur gradually between adjacent floors. No explicit attention is given to the effects of spatial variation of mechanical properties of the loadbearing elements. Geometrical irregularities are usually introduced in structural analysis increasing the effect towards: (a) The modification of the behaviour factor, a dimensionless parameter to reduce the seismic action); (b) The introduction of the accidental eccentricity that produces torsional effects. (c) The level of knowledge of the real material properties of the structure traduced by means of the confidence factor FC that reduces the strength to be used in the analysis. Non-linear static analyses are carried out considering the effects of material variability in terms of resistance, maximum displacement and structural ductility. The effects of strength irregularity are evaluated both on local on global scale evaluating whether the standard approach proposed by technical code is in sake of safety or not. In addition, random material distribution are considered in order to obtain fragility curves.
Material variability and mechanical eccentricity
The seismic response of a r.c. building is strictly related to the mechanical behaviour of the concrete, depending on its resistance and stiffness. The Italian code (EC8-1, 2004) indicates to use for the analyses the average concrete compressive strength fc from in situ tests, together with the confidence factor (CF) that is associated to the level of knowledge (LK) attained for the structure. Indeed, the design compressive strength is obtained as ratio of the average strength to the confidence factor CF. The higher the level of knowledge, the lower the confidence factor. The LK depends on the number of in situ tests, while the effective distribution of in situ tests and their results do not influence the confidence factor. This can generate some contradictory results, i.e. a confidence factor equal to 1 (CF=1) in case of large number of in situ tests characterized by a wide dispersion of results. 
Furthermore, if the covariance cov < 14% the compressive strength is assumed (Eq. (2)).
Nevertheless, a relevant dispersion of in situ tests is frequent in existing buildings and in general it is not related to low accuracy in testing. In this sense, it is of interest to evaluate how this physical variation could affect the seismic analysis both in local and global scale. This aspect influences also the stiffness of the building. As well known, further source of irregularity for r.c. constructions are the infill panels. Because of their asymmetrical disposition in the building and because of the shape and the dimensions of the openings, the infill panels can significantly modify the structural response of buildings in terms of stiffness and strength. (Tanganelli et al., 2013) . 
Centre of stiffness and centre of resistance
Considering in-plan configuration of a generic building with rigid slabs, the current procedure consists in first identifying the centre of mass (CM) and centre of stiffness (CS) as relevant points for the application of seismic forces. In order to take into account irregularity in strength of r.c. columns, it is possible to define the centre of resistance (CR), as the point conventionally provided by the balance of the strength of each column.
Fig. 1. Main parameters for defining the traditional mechanical eccentricities
The Centre of Stiffness (CS) is calculated as follows:
where: xi , yi are the coordinates of the centroid of the i-th column; Kxi , Kyi is the stiffness of the i-th column (or wall) in one of the main building directions.
The stiffness of a column or of a wall depends on the material elastic modulus. Due to the relation usually adopted for the elastic modulus (CMIT, 2009): 0 3 22 000 10
It is straightforward to observe that a variation of concrete compressive strength causes the modification of the centre of stiffness. Then the eccentricity of the centre of stiffness with respect to the centre of masses is:
where: xM, yM are the coordinates of the centre of mass; Lx, Ly are the building dimension in the x and y coordinates.
To define the centre of resistance of the k-th floor composed by n columns, it is necessary to establish which of the different mechanisms (axial or shear force, bending moment) has to be considered . Regarding the axial forces, the centre of resistance in x and y directions are:
where: Nu,i axial strength of the i-th columns; xi, yi coordinates of the centre of the i-th colums;
Considering now the bending mechanism, it is analogously possible to calculate the centre of resistance through the ultimate bending resistance Mux,i Mu,yi of the i-th column:.
Therefore, the eccentricity of the centre of resistance with respect to the centre of masses is:
where: Lx , Ly are the main dimensions of the buildings in the direction x and y.
An eccentricity between centre of mass and centre of stiffness (eS) and between centre of mass and centre of resistance (eR) generally produces torsional effects in seismic response. In particular, in linear elasticity it is possible to define torsional stiffness of the structure as in Eq. (12) and Eq. (13). The mentioned parameters take into account the main effect of material variability that is the cause of torque component. This leads to a modification of the stresses in elastic and inelastic response as the following analysis shows, in terms of resistance of the bearing elements, ultimate displacements, ultimate shear and ductility.
Influence of centre of stiffness on torsional effects (structural response)
In this section, the values of mechanical parameters and their dispersion are accurately evaluated for two cases of r.c. buildings affected by material irregularities by means of experimental in situ tests. From them, the centre of resistance is obtained for each case according to the indications given in Section 2. 
Description of the case study
A vulnerability analysis is carried out on two r.c. school buildings in Italy. Built in the early '70s, is made of four substructures, from A to D (Fig. 2) . The three-storey buildings, of a similar in plan total area (about 1000 sqm), are characterized by a high number of slender columns (Fig. 3a) . Apparently regular, buildings A and C do not have axes of symmetry because of the position of the stairs and irregularity in elevation, due to greater extension of the ground level. They respectively have a volume of about 10'800 m This case study was selected for its significant characteristics in terms of dispersion of mechanical properties and due to its high seismic vulnerability. Such a dispersion is probably to foresee for many other r.c. Italian structures dated back to the sixties and the seventies. The dispersion of concrete compressive strength is mainly due to the lack of standardized procedure of control and automation during the production stage. The concrete was directly produced on site in small batches, so its quality sensitively varied during construction. This aspect is amplified in the case study due to inadequate mix design and procedure of casting and vibration. The large dispersion in concrete compressive strength was noted not only for single structural elements (i.e. beams and columns casted in different time) but also within the same structural member (i.e. at the top and at the bottom of the same column). These structures are generally composed by a series of plane frames. The design approach took into account only vertical and wind loads: this implied weak columns unable to withstand seismic loads and to respect the concept of capacity design. Other elements of weakness, common for r.c. structures of this age, are also un-confined structural nodes and improper anchoring of the bars. In addition, architectural choices were addressed to show the r.c. structures on the facades (Fig.3a) , creating further elements of vulnerability as direct exposure to climate events, together with stocky columns (Fig.3b) . The main features of the building, in terms of inter-storey height and number of columns, are summarized in Table 1 . 
Experimental tests
A large number of tests (Montgomery, n.d.) were made on the structural members of the building A and C of the following type:
1. Tensile strength of reinforcing bars; 2. Compressive strength of coring samples; 3. Schmidt hammer test of the columns.
The results are shown in Table 2 . A great dispersion both in concrete and in steel resistance is observed. In this work the variation of steel resistances are neglected. The mean values and the relative standard deviation for building A and C are summarized in Table 5 . The hummer tests are made on 70% of the 294 columns of Building A and on 90% of the 309 columns of the Building C. Experimental tests on Building C are carried out during the phase work of seismic rehabilitation of the structure, obtaining about 600 sclerometeric data as shown in Appendix A.
Analysis and numerical models
The models of the Buildings A and C is made by continuous beam frames (Fig. 4) . Building A is made by 823 elements and 508 joint nodes (3048 DOF) while Building B is made by 833 elements and 546 nodes (3276 DOF). Both the models are fixed to the ground. The eccentricity between beams and columns is modelled throughout rigid links. This happens in correspondence of squat beam and columns. The two buildings are modelled separately by technical joints at the first level of the structure. Two limit scenarios are considered modelling both rigid and flexible slabs. The slabs are modelled with rigid slabs and with flexible diaphragms, by using plate elements (about 500) with proper thickness and stiffness. The flexible diaphragms are noticeable in the evaluation of the effects of material variability as shown in the introduction. The flexibility of the slab has a relevant role , modifying the actions on elements characterized by different resistance and stiffness: i.e., in most cases rigid slab can maximise the actions on the bearing elements far from the centre of stiffness. The beams are modelled as elastic frames, neglecting their ductile capacity. The columns are modelled with mechanical non linearities introducing plastic hinges for shear and bending mechanism. A more proper model would consider a discretization of the ends of the columns by means fibres subjected to uniaxial stress . The shear failure mechanism is also introduced for squat elements , due to their slenderness or by the effect of infill walls or other non-structural elements (Çelebi et al., 2010) . Non-linear static analyses are carried out by means of FEM Software Midas Gen v.1.1. The slabs are modelled with rigid slabs and with flexible diaphragms, by using plate elements.
Material distributions
The goal of the analysis is to evaluate whether the approach of Technical Code (Eurocode and NTC) is conservative or not in seismic vulnerability. With this purpose, several configurations of column strength, with the same mean value, are analysed: 1. Uniform -(Distribution 1), given by technical codes (fca for all the columns); 2. Actual -(Distribution 2), with the effective compressive strength for each column as measured from experimental tests. Where was not possible to measure fci the mean value fca is considered; 3. Extreme -(Distributions 3 -10), it is assumed the maximum (fc,i+Δfci and fc,i-Δfc,i) and the minimum strength values as shown in Fig. 5 ; 4. Random -(Distributions 11 -60), generating 50 random distributions with same mean value.
Distributions 1 and 2 are used to compare the two structures with the code assumptions and with actual conditions. Distributions 3-11 evaluate the effect of extreme material distribution as shown in Fig. 5 , to obtain corresponding resistance domains. The approach used here considers only the spatial variability of strength distribution and neglects possible effect in non-symmetric introduction of the seismic input (Andreini et al., 2014) . The random distributions (Case 4) are used to obtain fragility curves related to different limit states. The procedure used to generate fragility curves is:
1. Generation of the random vectors (kj). -The superscript j is the number of the vectors and consequently of the structural analysis; the vectors kj have average value equal to zero and standard deviation equal to one; 2. Determination of the cylindric compressive strength for the i-th column. This is generated according to:
in which ki,j is the i-th component of the j-th vector. This ensures that each random distribution j has the same average value (fc,avg) and the same standard deviation (Δfc) as the uniform one. 3. Determination of the elastic modulus for the j-th columns:
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4. Non-linear static analyses are carried out for each distribution of (fc,i; Ec,i); 5. Calculation of the PGA related to the considered limit states; 6. Determination of the fragility curves.
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The data used here follow a Log-Normal distribution. For this reason, the probability of reaching the analysed limit state is calculated with:
in which: PGAj is the value of PGA related to j-th distribution; PGAavg is the average value of PGA; Φ is the function that expresses the density distribution; χ is the Standard Deviation of the logarithm of the population of the PGAi:
For each case two different models are considered: model (1) with rigid slabs and (2) with flexible diaphragms. The global effects can be described by the following three dimensionless parameters:
in which:
Vu is the ultimate shear (CMIT, 2009; EC8-1, 2004) ; du is the ultimate displacement of the control-point; µd is the ductility.
while the apices:
R is referred to the Real material distributions (Case 2), and U is referred to the Uniform material distributions (Case 1). The parameters α, β and γ are respectively representative to the ultimate shear (Vu), to the ultimate (du) displacements and to the ductility (µd) of the structures. The obtained data are reported in Table 3 .
Considering the average value in Table 3 is possible to obtain α=-5%; β=-8% and γ=-4%. The data in Table 3 are referred to the PO cases here described and the comparison is made both for flexible and rigid slabs. The comparison, made for real and uniform material distribution, highlighted that there is a dispersion in the results both in terms of ductility (γ) and in terms of ultimate displacement (β). In several cases the adoption of the real material distribution produced results more severe with respect to the uniform one. This means that the uniform material distribution is not safe. In fact, from the average values of the analysis is evident a reduction of the 5% of α and of the 8% of β. The more representative P.O. curves are reported in Fig. 6 . "T" and "A" are respectively referred to the distribution of forces from modal dynamic analysis and to that proportional to masses (uniform acceleration). Actual and uniform material distributions do not show great differences in terms of ultimate shear (due to the same mean value of compressive strength of the two distributions) but exhibit significant differences in terms of ultimate displacements. Furthermore, the diagrams in Fig. 7 highlight that the main differences between capacity curves are due to the stiffness of the slab. PO T +X 11%   -3%  -4%  -9%  -10%  -9%  -8%  5%  -11%  -13%  -2%  -4%  6%  -8%  -8%  -5%  -7%  -24%  -25%  0%  -4%  -2%  -4%  26%  39%  -5%  2%  -15%  -8%  22%  30%  7%  -20%  -10%  -6%  -8%  18%  -7% -6% 2% -6% 17% 25%
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Local effects
The effects of material variability are also evaluated for single structural members. In particular, brittle mechanisms are verified in terms of resistance whereas ductile mechanism is verified in terms of displacement-capacity. The effects of the variation in concrete compressive strength are illustrated in . Resistance (or demand D) and capacity C verification can be expressed as their ratio R:
In particular, in Fig. 7 in case of actual concrete compressive strength (R) is compared with the conventional case of Uniform compressive strength distribution (U):
Eq. (22) furnishes a comparison of the local effects on a generic bearing element. In particular Δ is a number greater than zero if the uniform material distribution (Case1) produces an unsafe condition and it is a number smaller than zero if produces a safe condition. Fig. 7 and Fig. 8 show the results in terms of Δ compared for the ground floor of the building A and C. For the sake of brevity only the elements with Δ > 10% are shown in Table 4 (unsafe condition). In Figs. 7-8, the percentages in blue are referred to ductile mechanisms, while the ones in red are referred to the brittle mechanisms. For each layout the number of elements for which the capacity is underestimated is reported (Table 4) . 
Fragility curves from random distribution
In order to obtain a probabilistic evaluation of the seismic vulnerability, further analyses are carried out with random distributions of concrete strength of the columns. Fifty random distributions are performed for each building with the same mean value and the same standard deviation of the real case (Shinozuka et al. 2000) . These values are indicated in Table 5 The limit states are defined with the method proposed by Vona (2014) and the indications of EMS-98 (Grünthal, 1998 ) summarized in Table 6 . The procedure to determine fragility curves is described in Section 0. The main parameters to generate them are summarized in Table A1 . In Fig. 9 the fragility curves related to buildings A and C are displayed. The fragility curves are both for damage limit state (DLS) and for ultimate limit state (ULS). With a dashed vertical line are also shown the values of PGAd related to the Operating Limit State and to Damages Limit State related to the building site. 
where: PGA is the peak ground acceleration; Tr is the return period. while in Eq. 23-25 the subscript C is the capacity and D is the demand;
The risk indexes assume values lower than 1 in all the analyses, i.e. the structure has not the proper capacity to withstand seismic actions. The histograms in Fig. 11 and Fig. 12 represent the risk indexes of the structure evaluated with Equations 23-25 relative to the cases from 1 to 10 (Fig. 5) . The extreme material distribution shows the main difference with respect to the uniform one (1). The real material distribution (2) present risk indexes, indicative of global effects, that are nearest to the uniform one (1). (23)- (25).
Discussion of results
The comparison between different models is made in terms of local and local verification.
Local verification
Regarding the local verification of the single structural elements it was verified that to consider the real material distribution (Case 2) is not in sake of safety. In this case the capacity is over-estimated for about a maximum of the 31.0% of the numbers of the structural elements with respect to the uniform material distributions (Case 1). This comparison is made only for the models with rigid slab. Taking into account the effective resistance of the bearing elements produces effects both on ductile and on brittle failure mechanisms as shown in . The effects of the real material distributions are shown in Table 8 . 
Global verification
Considering the global analysis of the structures the comparison can be made in terms of: (1) defined parameters ( α, β, ); (2) risk indexes; (3) fragility curves. As for (1), the hypothesis of flexible slabs makes extreme the value of the parameters (Eqs. (18-20) ). Considering the average values for α, β, γ one has some variation always lower than zero. This means that considering the effective resistance of the structural elements produces a reduction of the performances of structural elements in terms of global shear, in terms of displacements and, consequently, in terms of ductility. Therefore this approach that is of course more realistic should be recommended in the seismic analysis.
Risk indexes
Risk indexes vary in the range from 15% to 30% according to whether they are calculated in function of the global shear (IRVb), of the peak ground acceleration (IRPGA) or of the relative return period (IRTr). Considering the real strength distribution usually does not lead to a decrease of the global safety. The extreme material distributions lead to a major difference highlighting that some distribution of materials can affects the vulnerability of the buildings. In particular the extreme material distributions (Cases from 3 to 10 in Fig. 5 ) have values less than the 3.0% if referred to the uniform one. This difference is very small in absolute terms (about 10% in relative terms Corpo C -Direzione Y IRVb IRPGA IRTR small variation of the risk indexes towards the reference distribution (Case 1) the extreme material distribution can be considered as lines of level of the function risk index .
Fragility curves
The fragility curves express the cumulate distribution of the PGA values for ULS and DLS. These are obtained for both the buildings considering some random strength distributions (Case from 11 to 50 in Fig. 5 ). In Fig. 9 the fragility curves related to building A are displayed. The square and the circle represent the point -Case 1. Although the random material distributions are determined with the same means of the uniform one, the points representing the latter are placed beyond the half of the fragility curves. This means that most of the analysed random cases presents PGA of collapse that is lower than the PGA related to Case1. 
Is it also possible to observe that, also considering a probabilistic approach, the uniform material distribution is not in sake of safety.
Comparison with conventional approaches
In the current structural modelling of the structure Technical Codes consider the elastic and the inelastic approach as alternative methods. The action derived from elastic approach produced a more severe design of the structural elements. In case of inelastic analysis, it is possible to adopt all the actions that act indifferently on structural elements. This approach reduces the concentration of the actions producing a less expensive design. It is possible to consider these two approaches referring to the centre of stiffness and to the centre of resistance of the structure. In particular: (1) in linear elastic analysis the material variability is taken into account considering a variation in the position of the centre of stiffness and the more severe effects of slab torsions; (2) in non-linear analysis it is possible to considers the variation in the positions between centre of mass and centre of stiffness evaluating the effects on the results.
Conclusions
The introduction of the material variability produces changes in structural response both in local and global terms. The evaluation of the structural response of existing buildings has therefore to consider the variability of the material strength. This can be done when, considering a limited number of experimental tests, it is possible to find a relevant dispersion of the strength values. In r.c. buildings, the dispersion of concrete compressive strength can affect the structural response and the verification of the elements. In particular the variation of compressive strength can have some effects both in ductility and in the failure mechanism. In order to obtain some simplified methods to take it into account it should be recommended to:
 introduce some extreme distributions of resistance referred to the minimum and the maximum values (cases 3-10);  evaluate how to the considered building is prone to torsional effects (particularly for linear elastic analysis).
These methods are highlighted in the paper referring to two cases of study. Non-linear static analyses are carried out considering rigid and flexible slabs. In general, the results show that the flexible slab produces more significant variation in structural response. In the verification of local elements it was highlighted that for some elements, to take into account the effective resistance of the material produces an effect that is not in sake of safety in structural 30 verification. The global indicator of the structural response (index of risk) exhibits a reduced variation from the comparison between Case 1 and Case 2. The information related to how the material variability affects the structural response is also useful to better evaluate a possible strategy of intervention. Interventions that allow the reduced the material eccentricity thanks to the construction of a new bracing system have to be preferred. Mechanics, 126(12), 1224 -1231 . Sudret, B., Mai, C., & Konakli, K. (2014 . Assessment of the lognormality assumption of seismic fragility curves using non-parametric representations, (April), 1157-1174. Tanganelli, The hummer test is not done for the underground floor because of the lack accessibility of this level during the phase of survey. Table A1 . Sclerometric data.
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